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Intr oduction

All geneactionis with respectto ageneticandenvironmentalbackground.Thequestions
arerather:

Candetailedmodellingof G ´ E (or epistasis)improvepower for genediscovery?

DoesG ´ E for agivengeneunderliesurprisingbiology?

Isagiventrait labile or nonlabile (canweobserveresponseof agenotypedindividual in the
differentenvironments)?

Whatsamplesizesareneeded?
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ERCC2 genotype,smoking,and lung cancer

ERCC2(19q13.2)codesfor aDNA repairprotein(TypeD xerodermapigmentosum).

ERCC2*312Aspreportedto increaserisk in light but notheavy smokers.

ERCC2*751Glnreportedto increaserisk in femalesmokersbut notmalesmokers.

ERCC2*312Aspsuggestedto increaserateof p53somaticmutationsin smokers.

Onelargecase-controlstudy(Zhouetal 2002)found:
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Cigarette Smoking
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ERCC2 genotype, smoking, and lung cancer
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Family v. individual level

Studiesof G ´ E in otherspeciesareoftenin experimentalsetups,whereaparticularline
crossis examinedin differentenvironments.Themoderator variablesusuallyvaryonly at
thefamily level.

Alternatively, themoderatorvariablemight vary from individual to individualwithin a
family. With respectto theautosomes,thesex of theindividual is ahighly variablerandom
environmentalevent.

In studiesonhumans,bothclassesof moderatorvariablearecommonlymeasured,andare
commonlycontinuousratherthandiscretein nature.

Themoderatormaybeunobserved. Oneclassicexampleisamountof contactbetweentwins
or relatives(moderatingtheeffectsof C).
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Environment
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Sex-limitation is a commonexampleof G ´ E
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In thepolygenicsex-limitation model,differ ent setsof genescanacton thetrait in thetwo
sexeseg h2

M = h2
F, but rg = 0.

Sex-speci‡cgenotypicmeansor penetrancesatasingleQTL canmimic thistypeof pattern,
but thesolutionsrequireoverdominancein onesex.
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Sex-limitation is a commonexampleof G ´ E

TheGAW10simulateddataincludedasex-limited QTL. Towneetal (1997)foundthe
ELOD for oneQTL increasedfrom 1.5to 1.9with inclusionof aQ ´ Sex term.
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Continuousmoderator models(G ´ E)

Nicepapersby Purcell(2002)andSham& Purcell(2002)cover thismaterial:
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Effectsof themeasuredmodi‡ervariableonbothmeansandvariancesarebeingmodelled.
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Hypertension in migrant Greeks

Hopperandcoworkers(1992)describebloodpressurein 628individualson theislandof
Levkadisand846of their relativeswhohadmigratedto Melbourne,Australia(totalof 204
pedigrees).Migrantseatandwork quitedifferentlyin Australia:drinkingone-thirdthe
amountof alcohol,weighingmore,andhaving higherbloodpressuresasthey age.

Group VG VC VE

MaleMigrant 25.8(4.9) 0.0 (2.8) 74.5(7.5)

Femaleor Non-migrant 25.8 0.0 48.3(4.7)

Regressionof totalvarianceof dBPonagein males 0.77(0.25)peryear

Regressionof totalvarianceof dBPonagein females 0.18(0.24)peryear

Regressionof VG onage 0.23(0.31)peryear

Regressionof VE onage 0.16(0.31)peryear

QIMR



SimulatedQTL data basedon Hopper et al (1992)

I' vesimulated300nuclearfamilies(3childrenperfamily)basedontheabovedata:oneQTL
explainshalf thegeneticvariance.

1.Simulatemarkersalongamapfor pedigreesof therequiredsize.

2.SimulatethemainQTL aslinkedto markerson themap

3.Simulate‡veunlinkedpolygenes

4.Simulatethephenotypesbasedonthegenotype.

5.Add in theeffectsof thetwo moderatorsto E for thephenotypes.

(5b. Userejectionsamplingto mimic ascertainment.)

6.Analysetheresultingdata.
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SimulatedQTL data II

Scriptfor thetwinsimprogram:

set map 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 100
set qtl 51 0.25
set va 13
set vq 13
set ve 0
set mzfamilies 0
set halfsib_families 50
set nfamilies 300
set nsibs 3
set ple 1
write fam300.ped
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SimulatedQTL data III

Scriptfor thesib-pair program:

set locus mztwin qua
set locus dBP qua
set loc marker001 marker 10.00
set loc marker002 marker 15.00
‚
set loc marker009 marker 50.00
set locus qtl marker 51.00
set loc marker010 marker 55.00
set loc marker011 marker 60.00
‚
set loc marker018 marker 100.00
read pedigree fam300.ped
set ple -1
run
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SimulatedQTL data IV

Scriptfor thesib-pair program:

set loc age qua
set loc env qua
set loc mal aff
mal=male
env=0
if (mal and rand<0.43) then env=1
if (isnon) then age=30+30*rand
if (isfou) then age=60+10*rand
dBP = 80 + env*6 + dBP + \

sqrt(age*(0.2+mal*0.5)+48)*rnorm + env*5*rnorm
drop qtl
write loc merlin merlin.dat
write loc merlin merlin.map
write merlin.ped
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SimulatedQTL data V

60%of replicatespasstheShapiro-Wilk' stestfor normality

Effectof migrationonmaletotalvarianceeasilydetected

ELOD small:0.5

ELOD for VC linkageanalysisincludingmigrationsmaller
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Associationdesignsfor G ´ E

In theabsenceof complicatingpopulationstrati‡cation,aconventionalcase-controldesign
with unrelatedcontrolsis themostef‡cientdesignfor detectingmaingeneticeffects,but
variousfamily baseddesignsaresuperiorfor pickingupG ´ E (Witte etal 1999;Siegmund
& Langholz2001).

Case-onlyandcase-combined-controlstudiesaretwo designsbeingexplored.
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A simplecotwin-control example

A dichotomoustrait is determinedby asinglemajorlocusand adichotomous
environmentalexposure(or measuredgenotype)underthefollowing model:

Risk Factor GenePenetrance Mean Risk

AA AB BB

ExposurePositive f2 f1 f0
2p f 2 + 2p(1 - p)f 1 + 2(1 - p) f 0

R1

ExposureNegative f0 f0 f0 f 0 R0

Theprobabilityof exposureis E (exposureis uncorrelatedin families).

A conventional studyusingunrelatedcasesandcontrolswill measurethemeanpopulation
risk ratioR1/R0.
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A simplecotwin-control example

Prospectively:

ExposureLevel of pair MarginalRisk RecurrenceRisk

Twin 1 Twin 2

BothUnexposed R0 R0 R0

Twin 1exposed R1 R0 R0

Both twinsexposed R1 R1 R1 + Cov/R1
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A simplecotwin-case-control example

Theequivalentmatchedcotwin-case-controlstudy:

UnaffectedMember AffectedMember

ExpPos ExpNeg

ExposurePositive 2E [R1(1 - R1)- Cov]/T E(1 - E)[R0(1- R1)]
/T

ExposureNegative E(1 - E)[R1(1 - R0)]/T
2(1 - E) [R0(1 - R0)]/T

wherethetotalprobabilityT = R0(1 - R0)+E(R1- R0

2)2(Cov+(R)(1 - 2R0)- E 1- R0)
.

Testing differencesin exposureconcordancesbetweentwo strataof pairs(MZ v DZ) will
allow oneto testCov=0,
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